Green synthesis of metal nanoparticles is an interesting and expanding research area due to the potential applications for the ecofriendly development of novel technologies. Generally, nanoparticles are prepared by a variety of chemical and physical methods which are yield environmentally benign wastages largely. Present study reported a simple, convenient and low cost method for the synthesis of manganese nanoparticles by reducing manganese acetate with the help of easily available natural products viz., lemon extract as reducing agent and turmeric curcumin as a stabilizing agent. The curcumin was isolated from turmeric by using solvent extraction method and used for manganese nanoparticle stabilization. The characterization of curcumin and manganese nanoparticles was done by using UV-Vis and FT-IR spectroscopic techniques. The morphology of manganese nanoparticles was confirmed by SEM and TEM techniques. The size of MnNPs was in the ranges about 50nm. The antimicrobial activities of synthesized Mn nanoparticles were observed higher antimicrobial activity than the standard drug against S. aureus, C. lunata and T. simii and also exhibited similar inhibition activity to standard drug against E. coli, C. albicans, and A. niger.
INTRODUCTION
Nanotechnology can be defined as the manipulation of atom by atom from the material world by the combination of engineering, chemical and biological approaches. Application of nano scale material and structures are usually ranging from 1-100 nm and is emerging area of nanoscience and nanotechnology (Catauro et al., 2004; Crabtree et al., 2003) . Metal nanoparticles have a high specific surface area and a high fraction of surface atoms; have been studied extensively because of their unique physicochemical characteristics including catalytic, optical, electronic, magnetic properties and antimicrobial activities (Krolikowska et al., 2003; Zhao and Stevens, 1998) . Most of the current strategies are usually working by the use of physical or chemical principles to synthesize metal nanoparticles. But both preparation methods are not environmental friendly because of many drawbacks such as the presence of toxic organic solvents, production of hazardous by-products and intermediary compounds and high energy consumption (Jana et al., 2000; Bhattacharya and Rajinder, 2005) . Nanotechnology is a revolutionary field just at its onset, the trend in the next decades being its integration with the green chemistry approach. Although nanoparticles can be synthesized through array of conventional methods green synthesis routes are good competent over the physical and chemical techniques. Green principle route of synthesizing have emerged as alternative to overcome the limitation of conventional methods (Salam et al., 2012; Sharma et al., 2009) . Green synthesis mainly concerns the elimination of hazardous wastes and the utilization of sustainable processes, implementation of environmental friendly chemicals, solvents and renewable materials (Anastas and Warner, 1998; Matlack, 2001 ). In the green-nanotechnology, various metal nanoparticle synthesis have been reported using yeast, fungi, bacteria, algae, plant extract etc.
From environmental point of view, plant extracts used reduction methods can be considered as more effective green approaches for synthesizing metal nanoparticles, because of employing plants towards synthesis of nanoparticles are emerging as advantageous compared to microbes with the presence of broad variability of bio-molecules in plants can act as capping and reducing agents (Duran et al., 2005; Duran et al., 2011; Narayanan, 2010) . Thus increases the rate of reduction and stabilization of nanoparticles and synthesis can be performed under mild experimental conditions such as relatively low reaction temperature and ambient pressure (Carmona, 2010) .
Manganese oxides can be applied in catalysts, molecularsieves, ion-sieves, batteries, magnetic materials as well as other applications such as water treatment, imaging contrast agents due to their excellent physicochemical properties (Reddy and Reddy, 2004; Chen et al., 2005) . MnO 2 is also one of the most important materials and a number of researchers pay attention to the influence of MnO 2 addition on the electromagnetic properties of ferrite materials (Duan, 2007) . Various approaches have been developed to prepare nanoscale MnO 2 such as self-reacting micro emulsion (Kang et al., 2008 ), precipitation (Wei et al., 2008 , room temperature solid reactions (Yuan et al., 2009 ), sonochemical (Zolfaghari et al., 2007 and hydrothermal methods (Yan et al., 2009) . Although there are several reports of green synthesis of manganese nanoparticles in different manner, using plant extract reduction and stabilization of Mn metal into nanoparticle is the environment friendly, cheapest and simplest method in the view of green chemistry as discussed above (Satish et al., 2013; Begum et al., 2011; Philip et al., 2011) . Curcumin is well known medicinal compound which has been shown to have a wide range of therapeutic effects but due to presence of olefinic groups in its structure this β-diketone of poor aqueous solubility rendering it of relatively low bioavailability. This can be remedied by the surface functionalization of Mn metal nanoparticles and the biological activities of synthesized nanoparticles are considerably increased (Aggarwal et al., 2007; Jain et al., 2011; Das et al., 2012) . Most of the reports are focusing on the characterization and application of the formed manganese nanoparticles in catalytic activity, electronic properties, but the antimicrobial effects of manganese nanoparticles are investigated rarely.
Based upon the above discussions this investigation is dealing with the synthesis of Mn nanoparticles through green method by using lemon extract as a reductant and curcumin extracted from turmeric as a stabilizing agent. This work is mainly focusing the biological applications of Mn nanoparticles which mean antibacterial and antifungal activities against some bacterial and fungal strains.
MATERIAL AND METHODS
All the chemicals and solvents used were of analytical reagent grade and procured from Merck (India) Ltd and all samples were prepared by using fresh double-distilled water. Curcumin was isolated from turmeric (BSR-01) which was purchased from Agricultural College and Research Institute, Madurai, India.
Collection of extracts
Lemon fruits were collected from the local markets. They were washed in double distilled water, cut into pieces and squeezed well to make pure extract. The lemon extract was then filtered using Whatman's No. 1 filter paper. The filtrate was collected in a clean and dried container and it was stored for further uses.
Curcumin (CR) was extracted from turmeric by using soxhlet solvent extraction method in 95% ethanol medium. BSR-01 turmeric variety was used in this method for better curcumin yield which was investigated in our previous research work (Haneefa et al., 2014) . The final curcumin extract absorbance was measured at 425 nm against alcohol blank and the curcumin content was estimated as per Manjunath et al., 1991 . The above ethanol residual extract was evaporated and dried then stored for further uses.
Characterization
The UV-Visible absorption spectra of the samples were measured on a Shimadzu UV-Vis V-530A spectrophotometer in the range of 425nm. The nanoparticles were examined for FT-IR spectra analysis and recorded on a Jasco FT-IR/4100 spectrophotometer with 4cm -1 resolution in the range of 4000 to 400 cm -1 . Scanning electron microscopy (SEM) images were recorded by using a JEOL Model JSM -6390LV scanning electron microscope. High resolution transmission electron microscopy (HRTEM) was carried out using a 300 KV JEOL-3011 instrument with an ultrahigh resolution pole piece to determine the morphological changes.
Synthesis of manganese nanoparticles (MnNPs)
An aqueous solution of Manganese acetate (1mM) was prepared for the synthesis of MnNPs. Double distilled water was used throughout the reaction. pH and temperature was maintained at particular extent to get better result. The manganese ions are reduced by the addition of freshly prepared manganese solution (10 ml) with prepared stored pure lemon extract (10 ml) in a beaker and the mixture was constantly stirred for the proper reduction of metal ions. The reaction mixture was kept in the magnetic hot stirrer at 50-60 0 C for an hour to occur color change from pale green to pale yellow which denoted the metal ion reduction. Then freshly prepared curcumin extract (1mM) was added with above solution mixture for stabilizing the nanoparticle and the stirring was continued for about an hour. The solution color was changed from yellow to yellowish brown slowly and finally a permanent reddish brown color was produced which indicated the complete stabilization of MnNPs. The main factors, pH was maintained between 3 and 4 and the temperature was at 50-60 0 C throughout the experiment. The solution was centrifuged with washing several times to obtain the pure MnNPs. The supernatant was decanted and kept in oven to dryness.
Biological assay
The antibacterial activity of the synthesized MnNPs were tested by disc diffusion method against two gram-positive bacteria (Staphylococcus aureus and Bacillus subtilis), two gram negative bacteria (Escherichia coli and Staphylococcus bacillus) and antifungal activity was carried out by agar well diffusion method against four funguses (Candida albicans, Curvularia lunata, Aspergillus niger and Trichophyton simii). For disc diffusion method (Bauer et al., 1966) , stock cultures incubated in nutrient agar were transferred to test tube of Muller-Hinton broth (MHB) for bacteria that were incubated for 24 hours at 37 o C. The cultures were diluted with fresh Muller-Hinton broth to get 2.0×10 6 CFU/ml for bacteria. The Muller Hinton Agar (MHA) plates were prepared by pouring 15 ml of molten media into sterile petri plates. The sample was loaded placed on the surface of the cultured agar plates and incubated at 37 o C for 24 hours then inhibition zones formed around the disc were measured and the results were compared with standard antibiotic, Chloramphenicol. For agar well diffusion method (Gomes et al., 2002) , the fungal strains were suspended in sabouraud's dextrose broth for 6 hours to give concentration 10 5 CFU/ml and then inoculated with the culture medium. A total of 8 mm diameter wells were punched into the agar and filled with the sample and solvent blanks (hydro alcohol and hexane). Standard antibiotic, Fluconazole (concentration 1 mg/ml) was used as positive control and fungal plates were incubated at 37 o C for 72 hours. The diameters of zone of inhibition observed were measured.
RESULTS AND DISCUSSION
Synthesized MnNPs are known in the solution by the color changing from pale green to pale yellow due to metal ion reduction and from yellow to reddish brown color due to capping of stabilizing agent. The color change can be easily identified by the naked eye. It was clearly indicates that the formation of well reduced and stabilized MnNPs.
UV-Vis spectra studies
One of the most convenient techniques for characterization of nanoparticles is UV-Vis spectroscopy. The synthesized turmeric curcumin (CR) was confirmed by the strong broad absorption peak at around 425 nm. This can be due either to an n→π* transition or to a combination of π→π* and n→π* transitions which is shown in Figure 1 . UV-vis spectroscopy of MnNPs (Fig. 2) showed maximum absorption at critical wavelength, corresponding to the absorption maxima of Mn nanoparticles that is 360 nm. The appearance of absorption edge at 360 nm is a clear indication of the formation of Mn nanoparticles.
FT-IR spectra studies
Fourier transforms infrared (FT-IR) spectroscopy is known for its high sensitivity, especially in detecting inorganic and organic species with low content. The FT-IR spectrum of . curcumin stabilized manganese nanoparticles is represented in Figure 3 . The spectrum was recorded in the range of 4000-500 cm -1 . The FT-IR spectrum shows characteristic peaks. From the data obtained, the peak observed at 3650 cm -1 which can be assigned to the -OH stretching of water or ethanol present in the system. The weak broad band in the range of 2935 cm -1 which is assigned to Ph-OH group of curcumin moiety. The C=O stretching of curcumin at 1625 cm -1 was shifted to a higher wave number at 
SEM studies
Morphology of synthesized manganese nanoparticles was characterized by SEM analysis. The SEM images of manganese nanoparticles are shown in Figure 4 which exhibits the agglomeration occurred during the synthesis process.
It can be view that the MnNPs formed are moderately dispersed and slightly agglomerated. SEM images of those compounds had shown very clear that most of the particles are polymorphic morphology of material. Figure 5 shows the TEM image of the manganese nanoparticles. Electron diffraction patterns were collected by HR-TEM to identify the phase of nanoparticles and determine particle size.
TEM studies
These images shows that the particles formed are of nearly spherical and eclipse morphology. The nanoparticles are moderately dispersed and the average crystallite size of particles in the range of 50 nm. 
Antibacterial activity
The antibacterial activity was performed on curcumin and curcumin stabilized manganese nanoparticles against two gram-positive (Staphylococcus aureus and Bacillus subtilis) and two gram-negative bacteria (Escherichia coli and Staphylococcus bacillus) were evaluated. The zone of inhibition was compared to a well-known commercial antibiotic Chloramphenicol. The results of the quantitative antibacterial assessment by disc diffusion are shown in table 1 and it was observed that the inhibition zone of curcumin stabilized manganese nanoparticles was higher than the raw curcumin for all bacterial strains over all. The MnNPs exhibited the strongest antibacterial activity against S. aureus and E. coli and it showed moderate activity against S. bacillus. Therefore the presence of an inhibition zone clearly indicates that the antibacterial activity of synthesized manganese nanoparticles against S. aureus is extremely superior to the standard drug, Chloramphenicol and nearly similar activity against E. coli bacteria. Hence we can say that the antibacterial activity showed by MnNPs from the test was significantly higher.
Antifungal activity
Curcumin and manganese nanoparticles were determined for their antifungal activity against four fungal strains Candida albicans, Curvularia lunata, Aspergillus niger and Trichophyton simii and their activity was compared with standard antifungal drug Fluconazole.
The results of the quantitative antifungal assessment by agar diffusion method are shown in table 2. There was observed clearly manganese nanoparticles exhibited excellent antifungal activity against all fungal strains when compared with raw curcumin. It indicates that well stabilization of curcumin with manganese nanoparticles, hence increased the biological activity of curcumin as well as antimicrobial activity nanoparticles. Surprisingly, the inhibition zones observed by MnNPs against C. lunata and T. simii were considerably higher than the standard drug Fluconazole. And also it has been showed similar activity of standard drug against C. albicans and nearly similar activity against A. niger. The antifungal activity of curcumin was moderately against all fungal strains. 
CONCLUSIONS
In summary, manganese nanoparticles were synthesized by reducing the metal ions using natural lemon extract and selected turmeric plant (BSR-01) was used to synthesize bioactive curcumin and this curcumin extract was used as a stabilizer for manganese nanoparticles. This process was completely undertaken through green synthesis route. The synthesized Mn nanoparticles morphology and size were investigated by SEM and TEM analysis. The morphology study has been revealed the particle size was 50 nm and with spherical and eclipsed morphology. The antimicrobial activity was also investigated against two gram positive bacteria and two gram negative bacteria and four funguses. From the inhibition zone results, synthesized MnNPs were showed better inhibition activity than the standard drug against S. aureus, C. lunata and T. simii and also exhibited similar inhibition activity to standard drug against E. coli, C. albicans, A. niger. Thus our findings report Mn nanoparticles synthesized from the above proposed green method are show promise results in the view of pharmaceutical and therapeutic applications.
